Experiments were performed in pot and field conditions to evaluate effects of non-host crops on Orobanche seed bank. The two sites chosen for the study were located in highly Orobanche infested areas of Nawalparasi district, an inner Terai region of central Nepal. Pot and field experiments were conducted in the soil naturally infested with Orobanche seeds. Altogether, 21 different non-host crop species were tested in the study. Orobanche seed density in soil samples collected from pot/plot before planting and after harvest of each crop species was recorded. Data of pre-plant and postharvest were compared in order to assess the effects of the test crops on Orobanche seed density. On the basis of degree of effects on the Orobanche seed bank, the investigated crop species could be classified in to three categories: (a) non-potential trap crop: garlic, chilli, coriander, carrot, buckwheat, sunflower, french bean, pea, egg plant, potato, fenugreek, wheat and faba bean; (b) moderately potential trap crop: barley, onion, chickpea and maize; and (c) highly potential trap crops: radish, lentil, linseed, fennel and cumin.
INTRODUCTION
Orobanche is a serious root holoparasite of many economically important dicotyledonous plants. It is a threat to about 16 million hectares of arable land in the mediterranean region and west Asia (Sauerborn 1991) . They are very difficult to control due to their high seed production up to 500000 seeds/plant in O. crenata (Cubero and Moreno 1979) . The seeds are very small (0.25-0.35 mm) and can remain viable possibly up to 20 years in soil in absence of suitable host (Cubero and Moreno 1979 , Puzzilli 1983 , Kadry and Tewfic 1956 ). The fruit is a capsule containing 1200-1500 small, dark grey seeds. This serves as a source of infestation for the crops in the following years. This results in building of persistent seed bank of Orobanche making its eradication difficult (Foy et al. 1989) . In Nepal, it has been a constraint in the production of two important cash crops namely, tori (Brassica campestris var. toria) and tobacco (Nicotiana tabaccum) crops (Rao et al. 1988 ).
Many non-host plants can stimulate the germination of Orobanche seeds (Brown et al. 1951 , Krishnamurthy et al. 1977 , Abbes et al. 2008 . Root exudates from flax (Linum usitatissimum L.), and corn (Zea mays L.), which are not host of O. minor can stimulate the seed germination more than that of clover (Trifolium repens L.), which is a normal host (Brown et al. 1952) . The use of trap crops and catch crops is one of the best methods currently available to control agricultural root parasites (Sauerborn 1991) . It is hypothesized that trap crops or non-host plants stimulate the germination of the parasite seed but cannot be infected and thus reduces seeds in the soil due to suicidal germination. In the present study, an attempt has been made to find out the effects of different non-host crops on the seed bank of the O. aegyptiaca in naturally infested soil.
MATERIALS AND METHODS
Experiments were conducted in pots and two fields at site A (Vedabari) and site B (Beldia) in the Nawalparasi District, an Inner Terai region of Nepal, where infection of the Orobanche sp. was fairly high. The district is situated at about 153 Km. South-West to Kathmandu Valley. Both sites are farmer's fields hired for tori growing season.
Pot experiments were carried out at Site-A to study the effect of different non-host crops on seed bank of O. aegyptiaca. Altogether, 22 winter crops were tested (Table 1) . Pot mixture included: a) soil collected from naturally infested field by Orobanche seeds, b) Fertilizers (N-0.8g/kg, P 1.2g/kg and K 0.6g/kg of soil) and, c) compost. The earthen pots of size 9 inches diameter were first moistened with water and then filled with soil mixture. About 3/4 th of pots were buried into the soil to avoid rapid fluctuation of soil temperature and moisture. Seeds or seedlings of test crops were collected from the local market. Crop seeds were sown 3-4 cm deep in the soil. Tubers of potato, bulb-lets of garlic and, seedlings of onion, egg plants and that of chili were planted in the pots. The number of the seeds sown for the pot experiments and the final number of plants that were maintained for the experiment are given in Table 1 . To avoid dehydration of the germinating seeds, pots were covered with thin layer of straw and regular watering was done. The straw cover was removed when seedlings were shown up. There were three replications for each treatment, including control pots. Soil samples for quantitative estimation of Orobanche seeds were collected from each pot at the time of crop sowing and after harvest.
Field experiments were conducted in the rainfed fields at Site A and Site B, with maize and tori as summer and winter crops, respectively. The field had homogenous nutrient and moisture regimes. The soil type in field A was sandy-loam with 71% sand, 22% silt, 7% clay and 2.01% total organic matters. Soil nitrogen was 0.151%, phosphorus 189 kg/ha, potassium 516 kg/ha, and the soil pH was 6.2. Manuring was done with animal dung. Unlike the Field-A, the soil type in Field-B was loam with 49% sand, 30% silt, 21% clay and 2.28% total organic matters. Nitrogen was 0.132%, Potassium 724 kg/ha, and Phosphorous 161 kg/ha. The soil pH was 6.7. The mean soil temperature of experimental areas varied from 12°C to 23°C in the morning (at 6 am) and from 15°C to 25°C in the afternoon (at 1 pm) during the study period.
The fields were ploughed twice with tractor supported with disc harrow two weeks before final preparation, i.e., at the second week of September. The field has randomized complete block design with 22 treatments including control. The plot area in Field-A was 2.4 × 2.6 m and it was 2.4 × 3.6 m in Field-B. There were three replications for each treatment.
The seeds/seedlings/bulblets/tubers of 22 test crops obtained from local market were planted after the final preparation of the field in first week of October. Plots were irrigated a day before sowing. Later irrigation was done as required. Soil was sampled two times from each plot: first before sowing and, the second after harvest. The sampling Zea mays L.* Maize 3 1 *Seed, **Seedling, *** Bulb-let, **** Tuber, + Tested in pot only spots were located between plant rows and there were three equally spaced spots between rows. Soil was sampled using auger reaching up to 15 cm deep. One Kg of Soil was sampled from different spots of a plot using composite soil sampling technique for laboratory estimation of Orobanche seeds. The percentage reductions of Orobanche seeds were determined from the difference of initial Orobanche seed count before sowing and final Orobanche seed count after harvest. The number of the Orobanche seeds in the soil was estimated with method of Ashworth (1976) with some modification (Acharya 2002 , Acharya et al. 2003 .
RESULTS
Comparison of seed bank in soil before sowing and after harvest of different test crops showed that the number of Orobanche seeds reduced in all cases, even in fallow pots or plots (controls).
Pot experiment
The number of Orobanche seeds/100 g soil before sowing and after harvest of different test crops including control pots is presented in Fig. 1 which shows that there is a reduction in number of Orobanche seeds in most of the test crops. The percentage of Orobanche seed in the study reduced from 11.64±0.84 to 54.27±8.63 with an average of 24.43±11.17% (Table 2) . Of the 22 crops investigated (Fig. 1) (Table 2) . 
DISCUSSION
In the present study, it was interesting to note that there was some reduction in Orobanche seed bank in fallow (control) pots and plots. The reason (s) behind the reduction might be that the weed seed density is not only affected by the host stimulants but also by many other environmental factors, like rainfall, wind, tillage practices, kind of manure used, activities of soil animals (rodents and insects) and more importantly soil microorganisms (Lopez-Granados and Garcia-Torres 1993). In present study, the mass of isolated Orobanche seeds from infested soil samples contained a fair number of damaged seeds. Some of the damaged seeds were found infested with fungus (i), some empty (without embryo) and some broken (possibly devoured by soil insects). On the basis of the results obtained from seed bank study, the tested crops have been categorized into three groups: Non-potential, moderately potential, and highly potential trap crops, which are discussed below.
Cumin was able to reduce 21.7% seed bank of O. crenata in pot experiment (Schnell et al. 1994) but there is no information available regarding the testing of the crop plants with O. aegyptiaca. In the present study cumin was only tested in pot experiment in which seed bank reduced significantly (P=0.05) than that of control (fallow).
As cumin was not tested in the field experiments, hence it needs further investigation. 
CONCLUSIONS

